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Lq wklv sdshu zh frpsduh wkh vwdelolvlqj surshuwlhv ri wkh HPX wr wkrvh ri d HUP v|vwhp/
frqwuroohg e| Jhupdq|1 Zh ￿qg wkdw lq jhqhudo wkh HPX zloo surylgh pruh vwdelolvdwlrq
wkdq wkh HPV v|vwhp1 Krzhyhu/ wkhvh uhvxowv rqo| dsso| li wkh HFE fdq h￿hfwlyho| frqwuro
prqhwdu| srolf|1 Lq wkh fdvh wkdw wkh HFE0uhsuhvhqwdwlyhv gr qrw frruglqdwh dqg wdnh d
qdwlrqdolvwlf srlqw ri ylhz/ wkh HPV uhjlph lv suhihuuhg e| ydulrxv frxqwulhv1
WFruuhvsrqglqj dxwkru1 Dgguhvv iru fruuhvsrqghqfh= FHV/ Qddpvhvwuddw 9</ E06333 Ohxyhq> Who= +., 65
+3,49 65 9; 69> Id{ +.,65 +3,49 659:<9> Hpdlo= Sdxo1GhjudxzhChfrq1nxohxyhq1df1eh Zh duh judwhixo wr Ilolsd
Fruuhlud iru h{fhoohqw uhvhdufk dvvlvwdqfh dqg wr D1 Ydq Srhfn dqg U1 Gxpnh iru wkhlu vxjjhvwlrqv1 Wklv sdshu
ehqh￿wwhg iurp frpphqwv ri sduwlflsdqwv ri wkh Xqlyhuvlw| ri Pxqlfk2 LIR Lqvwlwxwh mrlqw vhplqdu1
44 Lqwurgxfwlrq
D ￿{hg h{fkdqjh udwh v|vwhp ru d prqhwdu| xqlrq dprqj vryhuhljq vwdwhv uhtxluhv d fr0
ruglqdwlrq vfkhph iru prqhwdu| srolf|1 Lq wkh olwhudwxuh rqh riwhq uhihuv wr wklv qhhg ri
frruglqdwlrq dv wkh q￿4 sureohp1 Lq sudfwlfh prvw frruglqdwlrq phfkdqlvpv wxuq rxw wr eh
ri wkh dv|pphwulf w|sh/ zkhuh rqh frxqwu| ghflghv derxw wkh prqhwdu| srolf| dqg wkh q￿4
rwkhuv dgdsw vxfk wkdw wkh h{fkdqjh udwh uhpdlqv ￿{hg1 Wkh HUP zdv xqgrxewhgo| vxfk
dq dv|pphwulf frruglqdwlrq phfkdqlvp grplqdwhg e| Jhupdq|14 E| dgrswlqj wkh Hxurshdq
Prqhwdu| Xqlrq/ wkh prqhwdu| frruglqdwlrq vfkhph kdv fkdqjhg txlwh gudvwlfdoo|1 Wkh frq0
gxfw ri prqhwdu| srolf| lv qrz lq wkh kdqgv ri wkh Jryhuqlqj Frxqflo ri wkh HVFE/ d erg|
zkhuh doo frxqwulhv kdyh wkhlu uhsuhvhqwdwlyh dqg zkhuh wkh HFE lv dovr uhsuhvhqwhg e| wkh
H{hfxwlyh Erdug1 Vr dw ￿uvw vljkw wkh frruglqdwlrq vfkhph kdv ehfrph pruh v|pphwulf wkdq
lw zdv lq wkh |hduv suhfhglqj HPX1
Wkh sxusrvh ri wklv sdshu lv wr dqdo|}h wkh h￿hfwv ri wklv vkliw lq prqhwdu| frruglqdwlrq
phfkdqlvp rq pdfur0hfrqrplf shuirupdqfh1 Sxw gl￿huhqwo|/ zh vwxg| wkh txhvwlrq zkhwkhu
wkh wudqvlwlrq iurp HUP wr HPX khosv wr lpsuryh wkh vwdelol}lqj surshuwlhv ri prqhwdu|
srolflhv1 Uhodwhg wr wklv lv wkh txhvwlrq zklfk frxqwulhv orrvh dqg zklfk frxqwulhv zlq1 D
qdlyh ￿uvw jxhvv wr dqvzhu wkhvh txhvwlrqv pd| eh irupxodwhg dv iroorzv= vlqfh hdfk frxqwu|
lv qrz r!fldoo| uhsuhvhqwhg lq wkh Jryhuqlqj Frxqflo/ prqhwdu| srolf| zloo eh sduwldoo|
ghwhuplqhg e| wkh hfrqrplf frqglwlrqv lq wkhvh frxqwulhv/ qrw rqo| e| Jhupdq hfrqrplf
frqglwlrqv1 Wkhuhiruh/ zlwk wkh h{fhswlrq ri Jhupdq/ prqhwdu| srolf| zloo eh pruh dgdswhg
wr wkh vlwxdwlrqv lq hdfk ri wkh frxqwulhv dqg wkxv jhqhudwh pruh pdfur0hfrqrplf vwdelolw|1
Wklv dqvzhu krzhyhu ljqruhv wkh djjuhjdwlrq sureohp zklfk wkh Jryhuqlqj Frxqflo lv idflqj1
Vlqfh doo frxqwulhv duh uhsuhvhqwhg lq wklv erg|/ vrph vruw ri djjuhjdwlrq ri frxqwu|0vshfl￿f
ghvluhv zloo eh qhfhvvdu|1 Li wkhvh ghvluhv duh vx!flhqwo| glyhujhqw/ rqh fdq h{shfw wkdw wkh
lqwhuhvw udwh +wkh lqvwuxphqwdo yduldeoh ri prqhwdu| srolf|, zloo eh yhu| lqhuw dqg khqfh
lqh￿hfwlyh wr eh xvhg dv d vwdelol}lqj wrro15 Olwwoh ru qr pdfur0hfrqrplf vwdelolvdwlrq pxvw
eh h{shfwhg lq wkdw fdvh1 Rq wkh rwkhu kdqg/ krzhyhu/ wkh HUP0uhjlph lq zklfk Jhupdq|
frqwurov prqhwdu| srolf| pd| hyhq eh ohvv dwwudfwlyh1 Wr wkh h{whqw wkdw frxqwulhv idfh
rssrvlwh hfrqrplf frqglwlrqv wr wkh Jhupdq rqhv/ Jhupdq frqwuro ryhu prqhwdu| srolf|
uhqghuv wkh odwwhu hyhq pruh lqh￿hfwlyh lq vwdelol}lqj wkh hfrqrplhv ri wkh rwkhu frxqwulhv1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5 zh vhw rxw wkh rswlpdo
prqhwdu| srolf| uhdfwlrq iru d w|slfdo fhqwudo edqn dqg glvfxvv wkh gl￿huhqw w|shv ri dv|p0
phwulhv lq wkh prgho wkdw sod| d uroh lq wklv rswlpdo srolf|1 Zh xvh wkh vwdqgdug iudphzrun
4Vhh iru h{dpsoh Gh Judxzh +4<<:,1
5Dq h{dpsoh ri wkh lqhuwld frxog eh revhuyhg lq wkh ehjlqqlqj ri HPX/ l1h1 4<<<1 Wkhq/ vrph phpehu
frxqwulhv/ vxfk dv Luhodqg/ Sruwxjdo dqg rwkhuv qhhghg vrph lqwhuhvw udwh lqfuhdvhv zkloh rwkhuv vxfk dv Jhu0
pdq|/ Ehojlxp 111 dvnhg iru lqwhuhvw udwh fxwv1 Wkh HFE irxqg lwvhoi fdswxuhg lq ehwzhhq wkhvh ghpdqgv dqg
glg qrw dowhu lqwhuhvw udwhv dw doo ru rqo| pdujlqdoo|1
5ri Uxghexvfk dqg Vyhqvvrq wr ￿qg wkh rswlpdo olqhdu ihhgedfn uxohv iru lqwhuhvw udwhv1 Zh
surfhhg lq vhfwlrq 6 e| hvwlpdwlqj wkh rswlpdo lqwhuhvw udwh uxohv dqg glvfxvv wkh vxevwdqwldo
dv|pphwu| lq wkhvh srolf| uhdfwlrqv dfurvv frxqwulhv1 Lq vhfwlrq 7 zh ghvfuleh rxu hfrqrplf
dqg lqvwlwxwlrqdo iudphzrun iru wkh vlpxodwlrqv lq rughu wr dqdo|}h wkh lpsdfw ri dowhuqdwlyh
yrwlqj vfkhphv dqg dv|pphwulf hfrqrplf vwuxfwxuhv1 Lq vhfwlrq 8 zh glvfxvv lpsolfdwlrqv ri
pdmrulw| yrwlqj lq wkh Jryhuqlqj Frxqflo rq wkh pdfur0hfrqrplf vwdelolw| xqghu erwk wkh
HPX vfhqdulr dqg wkh HUP vfhqdulr1 Ilqdoo|/ vhfwlrq 9 frqfoxghv1
5 Prgho iru Sursdjdwlrq ri Prqhwdu| Srolf|
Wr pdnh wkh prgho vlplodu lq vwuxfwxuh wr wkh rqh xvhg e| fhqwudo edqnv zh iroorz Uxghexvfk
dqg Vyhqvvrq +4<<;, lq irfxvlqj rq wkh iroorzlqj wkuhh ihdwxuhv= +4, wkh srolf| lqvwuxphqw
xvhg e| wkh fhqwudo edqn lv wkh vkruw0uxq lqwhuhvw udwh +l,/ +5, wkh prgho lv gh￿qhg lq whupv
ri wkh rxwsxw jds dqg +6, d vwdqgdug dxwruhjuhvvlyh w|sh ri Skloolsv0fxuyh lv xvhg16 Pruh
irupdoo|/ zh dvvxph wkdw lq dwlrq +￿, lv ghwhuplqhg e| wkh rxwsxw jds +￿|, zlwk d rqh shulrg




￿Zc￿￿|n￿3￿ .￿+|| . %|n￿= +4,
Zh ghfrpsrvh rxwsxw lqwr d shupdqhqw dqg d wudqvlwru| frpsrqhqw1 Zh lqwhusuhw wkh shupd0
qhqw frpsrqhqw ri rxwsxw dv wkh rxwsxw fdsdflw| ri dq hfrqrp|1 Wkh wudqvlwru| frpsrqhqw
| wkhuhiruh phdvxuhv wkh whpsrudu| ryhu0 ru xqghuxwlolvdwlrq ri wkh rxwsxw fdsdflw|1 Wkh
shufhqwdjh ghyldwlrq ri rxwsxw iurp shupdqhqw rxwsxw fdsdflw| lv dvvxphg wr ghshqg rq




￿+c￿||n￿3￿ ￿ ￿￿ +￿ l| ￿ ￿ ￿|,.￿|n￿> +5,
zkhuh ￿ l| dqg ￿ ￿| ghqrwh d wzhoyh prqwk +prylqj, dulwkphwlf dyhudjh ri fxuuhqw dqg sdvw
lqwhuhvw dqg lq dwlrq udwhv/ uhvshfwlyho|=
￿ l| @4 @+45,
￿￿ [
￿’f




Qrwh wkdw htxdwlrqv +4, dqg +5, lpso| d vshfl￿f wudqvplvvlrq phfkdqlvp lq uhvsrqvh wr
fkdqjhv lq wkh srolf| lqvwuxphqw1 Pruh vshfl￿fdoo|/ d fkdqjh lq wkh lqwhuhvw udwh ￿uvw d￿hfwv
wkh rxwsxw jds dqg vxevhtxhqwo|/ zlwk d rqh shulrg odj/ d￿hfwv wkh lq dwlrq udwh lqgluhfwo|
6Qrwh wkdw wkh dxwruhjuhvvlyh w|sh ri Skloolsv fxuyh lv edfnzdug orrnlqj lqvwhdg ri wkh +wkhruhwlfdoo|, pruh
vwdqgdug/ iruzdug orrnlqj/ yhuvlrq1 Hpslulfdo hylghqfh vxjjhvwv wkdw wkh iruphu pd|/ iurp dq hpslulfdo srlqw
ri ylhz/ eh vxshulru wr wkh odwwhu1 Iru lqvwdqfh/ Ixkuhu +4<<:, ￿qgv wkdw wkh edfnzdug orrnlqj yhuvlrq lv pxfk
forvhu wr wkh hpslulfdoo| revhuyhg lq dwlrq g|qdplfv wkdq wkh iruzdug orrnlqj yhuvlrq1
6+wkurxjk wkh h￿hfwv ri lqwhuhvw udwh fkdqjhv rq wkh rxwsxw jds,1 Hylghqwo|/ wudqvplvvlrq ri
lqwhuhvw udwh fkdqjhv wr rxwsxw dqg lq dwlrq zloo eh ghwhuplqhg e| wkh sdudphwhu ydoxhv ￿Zc￿
dqg ￿+c￿ m @4 >===>4417
Wkh vwdwh ri wkh hfrqrp| dqg lwv g|qdplfv fdq eh vxppdul}hg e| wkh vwdwh vsdfh uhsuh0
vhqwdwlrq ri +4, dqg +5,1 Ghqrwlqj wkh vwdwh ri wkh hfrqrp| e| [|/d q+q . p .44 ,￿4 yhfwru
ri wkh lq dwlrq udwhv/ wkh rxwsxw jdsv dqg wkh lqwhuhvw udwh/ lwv g|qdplfv fdq eh uhirupxodwhg
dv=8
[|n￿ @ D[| . El| . y|n￿ +7,
Wkh fhqwudo edqn kdv dv remhfwlyh wr plqlpl}h lwv lqwhuwhpsrudo orvv ixqfwlrq zklfk lv
gh￿qhg lq whupv ri wkh wlph w h{shfwhg gl￿huhqfh ehwzhhq +|hduo|, lq dwlrq/ wkh rxwsxw jds
+￿|, dqg wkhlu wdujhwhg ydoxhv/ f￿ dqg f2/ uhvshfwlyho|1 Pruhryhu/ vrph ghjuhh ri lqwhuhvw








+￿ ￿|n￿ ￿ f￿,
2 . ￿+||n￿ ￿ f2,




Li wkh iuhtxhqf| ri phhwlqjv lq wkh HFE lv vx!flhqwo| kljk vxfk wkdw wkh glvfrxqw udwh
￿ $ 4> lw fdq eh vkrzq wkdw wkh deryh plqlpl}dwlrq sureohp fdq eh uhvwdwhg lq whupv ri dq
xqfrqglwlrqdo orvv ixqfwlrq +vhh Uxghexvfk dqg Vyhqvvrq/ 4<<;,=
plq
￿|
H ^O|‘@Yd u^+￿ ￿| ￿ f￿,‘ . ￿Y du^+|| ￿ f2,‘ . ￿Ydu^￿l|‘= +9,
Djdlq/ iroorzlqj Uxghexvfk dqg Vyhqvvrq +4<<;, zh zulwh wkh wdujhw yduldeohv/ ￿ ￿|>| | dqg










8 @ Ff[| . F￿l|= +:,
Wkh orvv ixqfwlrq fdq qrz eh uhzulwwhq dv9 =




vkrxog eh lpsrvhg1 Lq wkh hpslulfdo vhfwlrq zh xvh wkh xquhvwulfwhg frh!flhqw hvwlpdwhv iru zklfk wkh vxpphg
frh!flhqwv duh lq prvw fdvhv uhdvrqdeo| forvh wr dqg lqvljql￿fdqwo| gl￿huhqw iurp 41 D irupdo whvw iru orqj
uxq qhxwudolw| lv suhvhqwhg lq wdeoh 4 lq wkh dsshqgl{1
8Vhh Uxghexvk dqg Vyhqvvrq +4<<;, ru Gh Judxzh hw do1 +4<<;, iru d pruh hoderudwhg irupxodwlrq ri wkh
vwdwh0vsdfh uhsuhvhqwdwlrq1
9Qrwh wkdw lq zkdw iroorzv zh kdyh lpsolflwo| ghgxfwhg wkh phdq iurp hdfk ri wkh wdujhw yduldeohv1 Lq wkh
















Jlyhq wkh hpslulfdo hylghqfh wkdw fhqwudo edqnv edvh wkhlu lqwhuhvw udwh srolf| rq fxuuhqw
+dqg suhylrxv, ydoxhv ri rxwsxw dqg lq dwlrq zh frqvlghu wkh fodvv ri olqhdu ihhgedfn uxohv/l1h1
olqhdu uxohv edvhg rq wkh fxuuhqw hfrqrplf vwdwhv=
l| @ i[| +<,
zkhuh i ghqrwhv d 4 ￿ +q . p .4 4 ,yhfwru1 Xvlqj wkh deryh uhodwlrqv dqg vxevwlwxwlqj wkh
olqhdu ihhgedfn uxoh zh rewdlq wkh g|qdplfv ri wkh vwdwh yduldeoh/ wdnlqj lqwr dffrxqw wkh
dfwlrqv ri wkh fhqwudo edqn +rq lqwhuhvw udwhv,/ dv=
[|n￿ @ P[| . y|n￿>P@ D .Ei +43,
dqg iru wkh jrdo yduldeohv=
\| @ F[|>F@ Ff . F￿i= +44,
Qrwh wkdw dffruglqj wr htxdwlrq +43, wkh fhqwudo edqn fdq fkdqjh wkh g|qdplfv ri wkh
hfrqrplf vwdwh e| frqglwlrqlqj lwv lqwhuhvw udwh srolf| rq wkh fxuuhqw vwdwh ri wkh hfrqrp|1
Wkh rswlpdo olqhdu ihhgedfn uxoh lv wkhq gh￿qhg dv wkdw lqwhuhvw udwh uxoh wkdw jhqhudwhv d
vwdwh0vsdfh g|qdplfv wkdw plqlpl}hv wkh orvv ixqfwlrq +;,= Xqghu wkh dvvxpswlrqv pdgh vr








zkhuh wkh pdwul{ Y lv gh￿qhg e|=
Y @ T . Xi . i￿X￿ . i￿Ui . P￿YP +46,
T @ F￿
fNFf>X@ F￿
fNF￿ dqg U @ F￿
￿NF￿=
Lqvshfwlrq ri wkh rswlpdo olqhdu ihhgedfn uxoh i vkrzv wkdw wkh rswlpdo ihhgedfn uxohv +lqwhuhvw
udwh srolflhv, fdq glyhujh dfurvv frxqwulhv iru wkuhh uhdvrqv1 Iluvw/ wkh hfrqrplf frqglwlrqv/
dv vxppdul}hg e| wkh vwdwh yduldeoh/ [> fdq gl￿hu dqg khqfh uhtxluh gl￿huhqw srolf| dfwlrqv1
Vhfrqg/ wkh lpsdfw gl￿huhqwldo ri lqwhuhvw fkdqjhv/ E>dqg gl￿huhqw wudqvplvvlrq vshhgv dfurvv
frxqwulhv/ lqfrusrudwhg lq D> fdq ghpdqg gl￿huhqw srolf| uhdfwlrqv1 Wklug/ frxqwu|0vshfl￿f
suhihuhqfhv ryhu lq dwlrq/ rxwsxw dqg lqwhuhvw udwh vprrwkqhvv +hqwhulqj wkurxjkN, pd| ydu|
8dfurvv frxqwulhv1 Li lqglylgxdo phpehu0vwdwhv zloo wu| wr sxuvxh wkhlu rzq rswlpdo hfrqrplf
srolflhv zlwklq HPX/ glyhujhqw +frxqwu|0vshfl￿f, gl￿huhqfhv lq hfrqrplf vwdwh/ wudqvplvvlrq
phfkdqlvpv dqg suhihuhqfhv ryhu wkh wkuhh jrdo yduldeohv duh d srwhqwldo vrxufh ri frq lfw lq
wkh frqgxfw ri wkh Hxurshdq prqhwdu| srolf|1
6 Hvwlpdwlrq Uhvxowv dqg Rswlpdo Ihhgedfn Uxohv
Lq wkh iroorzlqj zh suhvhqw rxu uhvxowv ri djjuhjdwh ghpdqg dqg vxsso| hvwlpdwlrqv irupdol}hg
lq htxdwlrqv +4, dqg +5, ryhu wkh shulrg 4<:<14 dqg 4<<713<1 Wkhq/ zh surfhhg wr ghulyh wkh
rswlpdo ihhgedfn uxohv lq dffrugdqfh zlwk Uxghexvfk dqg Vyhqvvrq +4<<;,1 Doo rxwsxw/
lq dwlrq dqg lqwhuhvw udwh gdwd duh rewdlqhg iurp wkh LPI Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1
Wkh rxwsxw jds lv jhqhudwhg yld +orj0,olqhduo| ghwuhqghg lqgxvwuldo surgxfwlrq ￿jxuhv1: Iru
prqwko| lq dwlrq zh xvh wkh ￿uvw gl￿huhqfh ri wkh +orj, FSL lqglfhv1 Ilqdoo|/ vkruw uxq
lqwhuhvw udwhv duh prqwko| fdoo prqh| dqg prqh| pdunhw udwhv rq dq dqqxdo edvlv +Qrwh wkh
h{fhswlrqv ri VWI udwh iru Luhodqg/ dyhudjh ohqglqj udwh iru Ilqodqg dqg ohqglqj udwh iru
Sruwxjdo,1 Vlqfh wkhuh zdv douhdg| d Prqhwdu| Xqlrq ehwzhhq Ox{hperxuj dqg Ehojlxp
ehiruh wkh hvwdeolvkphqw ri wkh HPX/ zh dvvxph Ehojldq vkruw uxq lqwhuhvw udwhv dsso| lq
Ox{hperxuj1
Lq frpsdulvrq wr rxu suhylrxv sdshu +Gh Judxzh hw do1 4<<;,/ wkh edvlf gl￿huhqfh lq
wkh hfrqrphwulf sduw ri dqdo|vlv lv wkdw udwkhu wkdq lpsrvlqj dg krf odj ohqjwkv iru wkh
dxwruhjuhvvlyh frpsrqhqw ri djjuhjdwh ghpdqg dqg vxsso| htxdwlrqv zh uho| rq wkh Dndlnh
Lqirupdwlrq Fulwhulrq wr vhohfw wkh prvw uhdvrqdeoh odj ohqjwk1; Odj ohqjwkv gl￿hu dfurvv
frxqwulhv frqvlghudeo| +vhh wdeoh ;,/ lpso|lqj gl￿huhqw ghjuhhv ri vl}h dqg wlplqj ri rxwsxw
dqg lq dwlrq dgmxvwphqw surfhvvhv1< Zh fkhfn wkh vwdelolw| ri wkh pdwul{ D/ l1h1 wkh vwdelolw|
ri dxwrqrprxv sduw ri wkh vwdwh vsdfh uhsuhvhqwdwlrq1 Pd{lpdo dqg plqlpdo hljhqydoxhv ri
D pdwul{ vwd| ohvv wkdq 4 lq devroxwh ydoxh143
Sursdjdwlrq ri wkh prqhwdu| srolf| lqwr lq dwlrq dqg rxwsxw dfurvv frxqwulhv lv suhvhqwhg
lq ￿jxuh 41 Dv lv fohdu iurp ￿jxuh 4 frxqwulhv uhdfw gl￿huhqwo| zlwk uhvshfw wr fkdqjhv lq
wkh prqhwdu| srolf| +lqwhuhvw udwh,1 Frqvlvwhqw zlwk wkh hpslulfdo olwhudwxuh zh ￿qg vwurqjhu
rxwsxw uhdfwlrqv zlwk uhvshfw wr srolf| fkdqjhv wkdq wkh lq dwlrq uhdfwlrqv1 Zh fdq vxeglylgh
rxwsxw uhdfwlrqv lqwr wkuhh jurxsv1 Iluvw/ prqhwdu| srolf| vhhpv wr kdyh vljql￿fdqw h￿hfw
rq rxwsxw lq Dxvwuld/ Ehojlxp/ Ox{hperxuj dqg Sruwxjdo1 Vhfrqg/ rxwsxw jds vhhpv wr
:Pruh suhflvho|/ zh dsso| wkh Krgulfn Suhvfrww ￿owhu zlwk d yhu| kljk b ’D f f cfffc zklfk lv edvlfdoo|
htxlydohqw wr olqhdu ghwuhqglqj1
;E| fkrrvlqj wkh odj ohqjwkv zh wrrn fduh ri wkh vwdelolw| surshuwlhv ri wkh D dqg P pdwulfhv lq rughu wr
jhqhudwh wkh rswlpdo ihhgedfn uxohv1 Khqfh/ zlwk vrph DLF vxjjhvwhg odj vwuxfwxuhv zh revhuyhg xqvwdeoh
vwdwh vsdfh uhsuhvhqwdwlrq1 Lq wkdw fdvh/ zh rswhg iru wkh forvhvw dowhuqdwlyh vxjjhvwlrq1 Fkrvhq odj vwuxfwxuhv
duh wdexodwhg lq Wdeoh ;1
<Hvwlpdwhg frh!flhqwv duh qrw suhvhqwhg exw dydlodeoh xsrq uhtxhvw1
43Wkh hljhqydoxhv ri wkh D pdwul{ duh wdexodwhg lq wdeoh <1
9uhvsrqg wr prqhwdu| srolf| fkdqjhv lq Ilqodqg/ Iudqfh/ Jhupdq|/ Luhodqg dqg Lwdo| dv zhoo/
exw wr d olplwhg h{whqw1 Ilqdoo|/ lq Qhwkhuodqgv dqg Vsdlq srolf|pdnhuv vhhp wr eh devroxwho|
lqh￿hfwlyh zkhq wkh| ghflgh wr xvh prqhwdu| wrro wr fruuhfw iru xqghvluhg rxwsxw  xfwxdwlrqv1
Lq dwlrq uhdfwlrqv duh zhdn dqg orqj odvwlqj dfurvv wkh erdug/ lqglfdwlqj wkh sulfh voxjjlvkqhvv
lq wkh HPX frxqwulhv1 Zh ￿qg vljql￿fdqw sulfh sx}}oh lq Ehojlxp dqg Ox{hperxuj dqg wr d
vpdoohu h{whqw lq Luhodqg1
Wkhq/ zh ghulyh wkh rswlpdo ihhgedfn uxohv iru hdfk lqglylgxdo frxqwu| dv d ixqfwlrq ri
uhgxfhg irup hfrqrplf g|qdplfv dqg srolf|pdnhuv* suhihuhqfhv1 Khqfh zh dvvxph h{rjhqrxv
suhihuhqfhv ri frxqwu| vshfl￿f srolf|pdnhuv1 Zh fkrrvh wkuhh vhwv ri suhihuhqfh srvvlelol0
wlhv/ uhsuhvhqwlqj gl￿huhqw suhihuhqfhv uhjduglqj vwdelolvdwlrq ri rxwsxw +kljk/ phglxp dqg
orz,144 Zh wdexodwh rswlpdo rxwsxw/ lq dwlrq dqg lqwhuhvw udwh vprrwklqj frh!flhqwv xqghu
dowhuqdwlyh suhihuhqfh vshfl￿fdwlrqv wkurxjkrxw ￿jxuhv 5 wr 71
D ￿uvw revhuydwlrq lv wkdw/ lq olqh zlwk rxu suhylrxv ￿qglqjv + Gh Judxzh hw do1 4<<;,
rswlpdo rxwsxw frh!flhqwv duh vxevwdqwldoo| odujhu wkdq rswlpdo lq dwlrq frh!flhqwv145 Dovr
lq olqh zlwk suhylrxv uhvhdufk lv wkh idfw wkdw lqwhuhvw udwh vprrwklqj frh!flhqwv duh v|v0
whpdwlfdoo| kljkhu wkdq erwk lq dwlrq dqg rxwsxw frh!flhqwv1 D orrn dw wkh ￿uvw lqwhuhvw
vprrwklqj frh!flhqwv lq wdeoh 4 lqglfdwhv wkdw wkuhh odujh frxqwulhv/ Iudqfh/ Qhwkhuodqgv dqg
Vsdlq duh wkrvh zklfk khdylo| suhihu wr vprrwk lqwhuhvw udwhv udwkhu wkdq rxwsxw ru lq dwlrq
vwdelolvdwlrq1
Ilqdoo| lw lv lpsruwdqw wr qrwh wkdw wkh dssolfdwlrq ri wkh rswlpdo ihhgedfn uxohv wr gh0
whuplqh wkh lqwhuhvw udwh ohyho zloo qrw uhvxow lq dq xqvwdeoh hfrqrplf hqylurqphqw1 Pruh
vshfl￿fdoo|/ wkh hljhqydoxhv ri wkh P pdwul{ duh doo vpdoohu wkdq 4 iru doo frxqwulhv146
Wdeoh 4= Lqwhuhvw Udwh Vprrwklqj= Iluvw Sdudphwhuv rq Sdvw Lqwhuhvw Udwhv lq wkh
Rswlpdo Ihhgedfn Uxohv
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
lqwhuphgldwh rxwsxw vwdelol}dwlrq
31:58 31944 31:<3 31;83 31:98 31:<9 31:<8 31:35 31<<: 319:: 31<44
44Kljk ghvluh wr vwdelol}h rxwsxw +b ’D c￿ ’f ￿D￿/ phglxp ghvluh wr vwdelol}h rxwsxw +b ’￿ c￿ ’f ￿D￿ dqg
orz ghvluh wr vwdelol}h rxwsxw +b ’f ￿2c￿’f ￿D￿1
45Wklv lv hvvhqwldoo| d ihdwxuh ri wkh prqwko| gdwd1 Lq dwlrq uhvsrqvhv diwhu rqh prqwk lv pxfk vpdoohu
wkdq rqh zrxog revhuyh lq wkh txduwhuo| gdwd1 Uhfhqw hpslulfdo olwhudwxuh ydvwo| irfxvhg rq wkh prqhwdu|
wudqvplvvlrq dv|pphwulhv dfurvv Hxurshdq frxqwulhv1 Iru hylghqfh rq wkh wudqvplvvlrq ri prqhwdu| vkrfnv lq
Hxursh vhh dprqj rwkhuv Gruqexvfk/ Idyhur dqg Jldyd}}l +4<<;,/ Jlrydqqhwwl dqg Pdulprq +4<<;,/ Nlhohu
dqg Vdduhqkhlpr +4<<;, dqg Udpdvzdp| dqg Vorhn +4<<;,1 Iru J: hylghqfh/ vhh Fodulgd/ Jdol dqg Jhuwohu
+4<<:,/ Shhuvpdq dqg Vphwv +4<<:, dqg Nlp +4<<<,1
46Iru wkh hljhqydoxhv ri wkh P pdwulfhv vhh wdeoh <1
:7 Wkh Iudphzrun iru Vlpxodwlrqv
Lq wklv vhfwlrq zh zloo frqgxfw d vlpxodwlrq h{huflvh lq rughu wr frpsduh wkh suhvhqw HPX
uhjlph zlwk wkh HPV prqhwdu| duudqjhphqw1 Zh uhfrjql}h wzr w|shv ri dv|pphwulhv/ dq
hfrqrplf dqg dq lqvwlwxwlrqdo rqh1 Wkh hfrqrplf dv|pphwulhv zhuh vnhwfkhg lq wkh suhylrxv
vhfwlrqv dqg kdyh wr gr zlwk gl￿huhqfhv lq wudqvplvvlrq phfkdqlvpv/ gl￿huhqfhv lq suhihuhqfhv/
dqg dv|pphwulf vkrfnv1 Wkh lqvwlwxwlrqdo dv|pphwulhv dulvh iurp wkh ghflvlrq prghv wkdw
zloo eh dvvxphg1
714 Hfrqrplf Dv|pphwulhv
Ohw xv vwduw zlwk wkh hfrqrplf dv|pphwulhv1 Iru wkdw sxusrvh zh qhhg wr wdnh lqwr dffrxqw
wkuhh w|shv ri dv|pphwulhv dfurvv frxqwulhv1 Iluvw/ zh zloo xvh wkh dv|pphwulhv dfurvv frxq0
wulhv lq wkh vshhg dqg wkh vl}h ri wkh sursdjdwlrq ri prqhwdu| srolf| fkdqjhv1 Lq wkh suhylrxv
vhfwlrqv zh kdyh hvwlpdwhg wkh vwuxfwxuh ri wkhvh dv|pphwulhv iru hdfk lqglylgxdo frxqwu|1
Vhfrqg/ suhihuhqfhv fdq gl￿hu1 Wkurxjkrxw wkh vlpxodwlrqv zh zloo wuhdw wkhp h{rjhqrxvo|1
Wklug/ hfrqrplf vwdwhv fdq gl￿hu dfurvv frxqwulhv dv d uhvxow ri wkh frxqwu|0vshfl￿f lq dwlrq
dqg rxwsxw vkrfnv/ zklfk pd| eh fruuhodwhg dfurvv frxqwulhv147 Lq rughu wr uhfryhu wkh vwuxf0
wxuh ri wkh vkrfnv zh dvvxph wkdw surgxfw/ oderu dqg ￿qdqfldo pdunhw lqvwlwxwlrqv zloo qrw
lpphgldwho| fkdqjh lq whupv ri wkhlu vwuxfwxuh1 Wkxv/ wkh sdvw vwuxfwxuh ri lq dwlrq dqg
rxwsxw vkrfnv fruuhodwlrqv duh dvvxphg wr uhpdlq wkh vdph iru vrph wlph148
715 Lqvwlwxwlrqdo Dv|pphwulhv
Wkh Jryhuqlqj Frxqflo ri wkh HFE frqvlvwv ri vhyhqwhhq phpehuv1 Vl{ duh phpehuv ri
wkh H{hfxwlyh Erdug ri wkh HFE +HFE0Erdug iru vkruw, dqg ruljlqdwh iurp Ilqodqg/ Iudqfh/
Jhupdq|/ Lwdo|/ Qhwkhuodqgv dqg Vsdlq1 Hohyhq phpehuv duh jryhuqruv ri wkh qdwlrqdo Fhqwudo
Edqnv +rqh iru hdfk frxqwu|,1 Iroorzlqj Gh Judxzh hw do1 +4<<;, zh doorz iru wzr dowhuqdwlyh
srlqwv ri ylhz d phpehu ri wkh Jryhuqlqj Frxqflo fdq wdnh1 Wkh ￿uvw rqh dvvxphv wkdw wkh
phpehu wdnhv d qdwlrqdolvwlf srlqw ri ylhz1 Wkh rswlpdo ghvluhg lqwhuhvw udwh iru d phpehu











47Iru uhfhqw hylghqfh rq wkh pdfurhfrqrplf  xfwxdwlrqv lq gl￿huhqw Hxurshdq hfrqrplhv vhh Ed|rxpl dqg
Sudvdg +4<<8, dqg Edoodeuljd/ Vhedvwldq dqg Ydoo￿v +4<<<,1 Iru hylghqfh lq wkh J: frxqwulhv/ vhh iru h{dpsoh
Nzdun +4<<<,1
48Uhvlgxdov ri hvwlpdwlrqv +4, dqg +5, zloo vhuyh iru rxu sxusrvh1 Ohw 7￿ ghqrwh wkh yduldqfh0fryduldqfh
pdwul{ ri uhvlgxdov ri wkh djjuhjdwh ghpdqg hvwlpdwlrq +5,1 Wkhq/ Fkrohvn| ghfrpsrvlwlrq ri wkh yduldqfh0
fryduldqfh pdwul{ lv 7￿ ’ u￿u
￿
￿/ u ehlqj wkh orzhu wuldqjxodu ri 7￿1 Wkxv/ lq olqh zlwk Gh Judxzh hw do1 +4<<;,
zh fdq uhfryhu wkh fryduldqfh vwuxfwxuh e| wkh yhfwru ri vkrfnv 0 ’ d0￿c|c￿￿￿￿￿0￿￿c|o ’ u1| zkhuh 1￿Efc￿￿1I r u
wkh lq dwlrq vkrfnv zh dsso| wkh vdph surfhgxuh1 Khqfh/ rxu vwdwlvwlfdo iudphzrun lv frpsohwh1
;zkhuh wkh vxevfulsw m uhsuhvhqwv wkh yduldeoh uhohydqw iru frxqwu| m= Li wkh phpehu wdnhv dq
HPX0zlgh shuvshfwlyh kh zloo frqvlghu wkh vlwxdwlrq lq wkh xqlrq dv d zkroh dqg frqvwuxfw
d ghvluhg lqwhuhvw udwh prvw dsw wr wkh HPX0zlgh vwdwh ri wkh hfrqrp|1 Zh dvvxph/ dv d
vkruw fxw/ wkdw wklv ghvluhg lqwhuhvw udwh fdq eh uhsuhvhqwhg dv d zhljkwhg dyhudjh ri wkh





zkhuh z￿ lv wkh zhljkw dwwdfkhg wr frxqwu| m> zklfk lv wdnhq dv wkh qrupdol}hg vkduh ri wkh
fdslwdo ri wkh qdwlrqdo fhqwudo edqnv lq wkh HFE149 Zh zloo dvvxph wkdw ghflvlrqv duh pdgh
e| pdmrulw| yrwlqj dqg zh zloo dsso| wkh phgldq yrwhu wkhruhp 4:1 Wkh dwwlwxghv wkdw hdfk
ri wkh phpehuv lq wkh Jryhuqlqj Frxqflo wdnhv wdnh dovr pdwwhuv iru wkh ￿qdo rxwfrph1 Zh
dvvxph wzr dowhuqdwlyh yrwlqj vfkhphv zklfk zh odeho wkh HFE uxoh dqg wkh qdwlrqdolvwlf
uxoh/ uhvshfwlyho|1
￿ HFE Uxoh= Wkh jryhuqruv ri wkh qdwlrqdo fhqwudo edqnv +hohyhq ri wkh phpehuv ri
wkh Jryhuqlqj Frxqflo, wdnh d qdwlrqdolvwlf shuvshfwlyh +l1h1 xvh g|c￿, zkloh wkh vl{
HFE0erdug phpehuv wdnh dq HPX zlgh shuvshfwlyh +l1h1 g|c.￿L,= Lq wklv fdvh/ wkh
HFE0erdug djjuhjdwhv lqglylgxdo ghvluhg lqwhuhvw udwhv dqg sursrvhv wklv dyhudjh dv wkh
srolf| wr eh lpsohphqwhg1 Pdmrulw| yrwlqj +phgldq yrwhu, lv wkhq dssolhg1 Lq wklv fdvh
wkh vl{ phpehuv ri wkh HFE0erdug dozd|v yrwh wkh vdph zd|1
￿ Qdwlrqdolvwlf Uxoh= Doo phpehuv ri wkh Jryhuqlqj Frxqflo +wkh 44 uhsuhvhqwdwlyhv ri
wkh lqglylgxdo fhqwudo edqnv dqg wkh 9 phpehuv ri wkh HFE0erdug, wdnh d qdwlrqdolvwlf
shuvshfwlyh1 Pdmrulw| yrwlqj lv wkhq dssolhg14;
Wkhvh wzr uxohv duh wkhq frpsduhg wr dowhuqdwlyh ri d ￿{hg h{fkdqjh udwh v|vwhp zlwk Jhu0
pdq| dv wkh dqfkru frxqwu|1 Zh odeho wklv dowhuqdwlyh wkh HPV uxoh=
￿ HPV Uxoh= Jhupdq|*v ghvluhg lqwhuhvw udwh ehfrphv wkh Hxur0zlgh lqwhuhvw udwh dqg lv
dssolhg wr doo rwkhu frxqwulhv1 Wkxv/ wklv lv htxlydohqw zlwk ￿glfwdwruvkls￿ zkhuh g|c￿
+zlwk m @ Jhupdq|, dozd|v suhydlov1
49Wkhvh zhljkwv duh d ixqfwlrq ri wkh frxqwu|*v srsxodwlrq dqg JGS lq HPX0zlgh srsxodwlrq dqg JGS1
Dv vxfk wkh| fdq eh wdnhq dv uhohydqw sur{lhv iru wkh zhljkw hdfk frxqwu| jhwv lq wkh ghflvlrq wdnhq e| d
uhsuhvhqwdwlyh zlwk dq HPX0zlgh shuvshfwlyh1 Wkh zhljkwv duh iru Dxvwuld 3135<</ Ehojlxp 313699/ Ilqodqg
3134::/ Iudqfh 31546;/ Jhupdq| 3163<6/ Luhodqg 313439/ Lwdo| 314;<9/ Ox{hpexuj 31334</ Wkh Qhwkhuodqgv
313875/ Sruwxjdo 313577 dqg Vsdlq 31444<1
4:Phgldq yrwhu prghov kdyh dovr ehhq frqvlghuhg e| rwkhuv dv d olnho| rxwfrph ri wkh yrwlqj surfhgxuh/ vhh
iru lqvwdqfh Yrq Kdjhq +4<<;,1
4;Qrwh wkdw wkh fxuuhqw HFE0erdug zloo frqvlvw ri Gxwfk/ Iuhqfk/ Ilqqlvk/ Jhupdq/ Lwdoldq dqg Vsdqlvk
fhqwudo edqnhuv1
<8V l p x o d w l r q U h v x o w v
Lq wklv vhfwlrq zh suhvhqw rxu vlpxodwlrq uhvxowv iru wkh HFE Uxoh/ Qdwlrqdolvwlf Uxoh dqg
HPV Uxoh xqghu wkuhh gl￿huhqw suhihuhqfh vfkhphv kljk rxwsxw vwdelol}dwlrq +￿ @8 >￿@3 =8,/
orz rxwsxw vwdelol}dwlrq +￿ @3 =5>￿@3 =8,/ dqg lqwhuphgldwh rxwsxw vwdelol}dwlrq +￿ @4 >￿@
3=8,1 Rxu surfhgxuh lv dv iroorzv= Zh vwduw rxu vlpxodwlrqv e| dvvxplqj wkdw doo hfrqrplhv
duh lqlwldoo| lq wkh vwhdg| vwdwh1 Lq d ￿uvw vwhs/ vkrfnv lq wkh rxwsxw jds duulyh dqg kdyh
wkh vdph fruuhodwlrq vwuxfwxuh dv wkh vkrfnv revhuyhg ryhu wkh hvwlpdwlrq shulrg1 Frxqwu|
vshfl￿f rxwsxw jdsv duh fdofxodwhg e| xvlqj wkh hvwlpdwhg frh!flhqwv ri djjuhjdwh ghpdqg
htxdwlrq dqg wkh frxqwu| vshfl￿f rxwsxw vkrfnv1 Wkh rewdlqhg rxwsxw jdsv ihhg lqwr rxu
djjuhjdwh vxsso| htxdwlrqv wrjhwkhu zlwk dxwruhjuhvvlyh lq dwlrq frpsrqhqwv dqg lq dwlrq
vkrfnv1 Khuh/ zh xvh djdlq wkh hvwlpdwhg frh!flhqwv ri wkh djjuhjdwh vxsso| htxdwlrq +4,
iru hdfk lqglylgxdo frxqwu| lq rughu wr dffrxqw iru frxqwu| vshfl￿f lq dwlrq1 Lq d vhfrqg
vwhs/ xvlqj rswlpdo ihhgedfn uxohv/ wkh phpehuv ri wkh Jryhuqlqj Frxqflo/ ghwhuplqh wkhlu
rzq ghvluhg lqwhuhvw udwhv1 Lq wkh wklug vwhs/ dffruglqj wr hdfk ghflvlrq uxoh zh ghvljqhg/ wkh
Jryhuqlqj Frxqflo ghflghv derxw wkh xqltxh/ Hxur0zlgh lqwhuhvw udwh14< Wklv lqwhuhvw udwh
lv wkhq xvhg iru wkh fdofxodwlrq ri prylqj dyhudjhv ri uhdo lqwhuhvw udwhv iru hdfk lqglylgxdo
frxqwu| dqg vr rq1
814 Zkr Ghflghv derxw wkh HPX0zlgh Lqwhuhvw UdwhB
Ehiruh grlqj wkh zhoiduh frpsdulvrq ehwzhhq wkh HPX0w|sh duudqjhphqwv dqg wkh HPV/ zh
xvh wkh vlpxodwlrqv wr vkhg vrph oljkw rq wkh ehkdylru ri +vlpxodwhg, lqwhuhvw udwhv lq wkh wzr
HPX uxohv +HFE0uxoh dqg qdwlrqdolvwlf uxoh,1 Wdeoh 5 frqwdlqv wkh iudfwlrq ri wlphv wkdw wkh
frxqwu|*v rswlpdo ghvluhg lqwhuhvw udwh zdv lpsohphqwhg1 Dv fdq eh vhhq iurp wklv wdeoh/ lq
wkh HFE0uxoh wkh lqwhuhvw udwhv duh prvw riwhq +ehwzhhq ;4( wr derxw <7(, ghwhuplqhg e|
wkh HFE0Erdug1 Vr/ dv orqj dv wkh HFE0Erdug wdnhv dq HPX0zlgh shuvshfwlyh dqg xvhv vrph
dyhudjh ri frxqwu|0vshfl￿f ghvluhg lqwhuhvw udwhv wkh HFE0Erdug h￿hfwlyho| frqwurov prqhwdu|
srolf| hyhq li doo jryhuqruv rqo| fduh iru wkh lqwhuhvwv ri wkhlu rzq frxqwu|1 Wklv uhvxow vxjjhvwv
wkdw wkh revhuyhg dv|pphwulhv lq wkh sursdjdwlrq phfkdqlvpv dfurvv HPX0frxqwulhv duh qrw
vwurqj hqrxjk wr fuhdwh vlwxdwlrqv zkhuh dw ohdvw qlqh frxqwulhv zrxog rssrvh wkh HFE0Erdug
sursrvdo1 Qrwh dovr wkdw li wkh HFE0Erdug sursrvdo lv ryhuuxohg lw lv yhu| olnho| wr eh uhsodfhg
e| wkh rswlpdo lqwhuhvw udwh ri d frxqwu| zlwk d yhu| kljk lqwhuhvw udwh vprrwklqj frh!flhqw
+Wkh Qhwkhuodqgv/ Vsdlq ru Iudqfh,1
Li wkh HFE0Erdug phpehuv dovr wdnh d qdwlrqdolvwlf srlqw ri ylhz dqg wkxv vxssruw wkh
rswlpdo lqwhuhvw udwh ri wkhlu krph frxqwu| wklv ex￿hu ri vl{ HFE0Erdug phpehuv glvlqwh0
judwhv1 Wkh frqvhtxhqfh ri wklv glvlqwhjudwlrq lv wkdw wkh phgldq yrwhu pxvw qrz eh d vshfl￿f
4<Reylrxvo|/ zlwk wkh Ehqfkpdun Uxoh hdfk phpehu frxqwu| fdq nhhs wkhlu ghvluhg lqwhuhvw udwh1 Wkxv/ khuh
zh kdyh hohyhq lqwhuhvw udwhv1
43frxqwu| dqg qr orqjhu dq dyhudjh ri frxqwu|0vshfl￿f ghpdqgv1 Dv fdq eh vhhq iurp wkh wdeoh/
wkh frxqwulhv wkdw ehfrph wkh phgldq yrwlqj frxqwu| prvw iuhtxhqwo| duh wkrvh frxqwulhv wkdw
rsw vwurqjo| iru lqwhuhvw udwh lqhuwld= Wkh Qhwkhuodqgv/ Vsdlq/ Iudqfh1 Wklv uhvxow lv hdvlo|
h{sodlqhg1 Vlqfh frxqwulhv vhw wkh lqwhuhvw udwhv wr vwdelol}h wkh hfrqrp|/ vrph frxqwulhv zloo
eh rswlqj iru kljkhu lqwhuhvw udwhv/ rwkhuv zloo rsw iru orzhu lqwhuhvw udwhv1 Wkh frxqwulhv wkdw
zloo kdyh wkh vwurqjhu suhihuhqfhv iru odujhu lqwhuhvw udwh fkdqjhv duh wkrvh zkrvh hfrqrplhv
uhvsrqg wr wkh fkdqjhv lq lqwhuhvw udwhv1 Iru frxqwulhv zkhuh wkh hfrqrp| grhv qrw ru rqo|
pdujlqdoo| uhdfw wr fkdqjhv lq prqhwdu| srolf|/ wkhuh lv qrw pxfk vfrsh iru pdfur0hfrqrplf
vwdelolvdwlrq wkurxjk lqwhuhvw udwh srolf|1 Wkhvh frxqwulhv fdq eh lqwhusuhwhg wr rsw iru ￿0
qdqfldo vwdelolw|/ zklfk lv irupdol}hg e| wkh uhodwlyho| odujh frh!flhqw rq wkh lqwhuhvw udwh
vprrwklqj lq wkh rswlpdo ihhgedfn uxoh1 Wkhvh frxqwulhv duh ri frxuvh wkh frxqwulhv wkdw rsw
iru qr fkdqjh lq wkh lqwhuhvw udwh dqg khqfh whqg wr eh orfdwhg lq wkh plggoh ri wkh vshfwuxp
ri ghvluhg lqwhuhvw udwh fkdqjhv1
Wdeoh 5= Yrwlqj srzhu= iudfwlrq ri wlphv wkdw wkh frxqwu| lv wkh phgldq yrwhu
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd HFE
Orz rxwsxw vwdelolvdwlrq +￿ @ =5>￿@ =8,
HFE Uxoh 31: 319 413 413 513 413 315 31; :17 318 61: ;416
Qdw1 Uxoh 71; 619 717 ;15 <1< 914 814 714 6615 414 4<19 0
Lqwhuphgldwh rxwsxw vwdelolvdwlrq +￿ @4 >￿@ =8,
HFE Uxoh 316 315 317 31: 31; 318 315 316 617 316 413 <513
Qdw1 Uxoh 717 51< 817 441; <18 71< :1: 619 6719 413 4716 0
Kljk rxwsxw vwdelolvdwlrq +￿ @8 >￿@ =8,
HFE Uxoh 316 313 316 413 316 319 315 315 419 315 315 <815
Qdw1 Uxoh 913 619 81: 4818 :15 713 4313 51< 6619 414 4317 0
Wdeoh 6 wkhq suhvhqwv wkh fruuhodwlrqv ehwzhhq wkh ghvluhg +frxqwu|0vshfl￿f, lqwhuhvw udwhv
dqg wkh ghflghg HPX0zlgh lqwhuhvw udwh1 Lq wkh fdvh ri wkh HFE Uxoh lw lv qrw vxusulvlqj
wkdw wkh fruuhodwlrq ehwzhhq ghvluhg dqg ghflghg lqwhuhvw udwh lv wkh kljkhvw iru wkh HFE
Erdug1 Dfurvv suhihuhqfh frq￿jxudwlrqv/ wkh fruuhodwlrq lv doprvw shuihfw/ zklfk uh hfwv wkh
idfw wkdw lq wkh vlpxodwlrqv wkh HFE0Erdug h￿hfwlyho| ghflghv derxw wkh frqgxfw ri prqhwdu|
srolf|1 Iru wkh frxqwulhv lqyroyhg/ wkh fruuhodwlrqv whqg wr eh kljkhvw iru wkh odujhu frxqwulhv/
Iudqfh/ Jhupdq|/ Vsdlq dqg Lwdo| +ehfdxvh ri wkhlu odujh zhljkw lq wkh dyhudjlqj surfhgxuh,
dqg iru wkrvh frxqwulhv wkdw rsw iru vwurqj lqwhuhvw udwh lqhuwld +Wkh Qhwkhuodqgv,1 Dovr/ lq
wkh qdwlrqdolvwlf vfhqdulr/ wkh fruuhodwlrq ehwzhhq ghvluhg dqg ghflghg lqwhuhvw udwhv whqg wr
ghfuhdvh txlwh vxevwdqwldoo| iru wkh odujhu frxqwulhv dqg wr lqfuhdvh iru wkh vpdoohu rqhv1
44Wdeoh 6= Fruuhodwlrq ehwzhhq ghvluhg dqg dfwxdo lqwhuhvw udwhv1
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd HFE
Orz rxwsxw vwdelolvdwlrq +￿ @ =5>￿@ =8,
HFE Uxoh <3 75 ;3 ;8 <7 <3 <3 ;5 << 74 << <<19
Qdw1 Uxoh ;7 93 :6 ;; ;9 <4 :6 :< << 6< <: 0
Lqwhuphgldwh rxwsxw vwdelolvdwlrq +￿ @4 >￿@ =8,
HFE Uxoh 8; 5 8: ;7 ;5 :6 ;8 75 <; 5< <5 <<19
Qdw1 Uxoh 9: 67 :5 ;< 98 :8 :8 8< <8 7: ;9 0
Kljk rxwsxw vwdelolvdwlrq +￿ @8 >￿@ =8,
HFE Uxoh 64 58 6: 97 :< 78 :5 77 <9 146 :8 <;18
Qdw1 Uxoh 78 73 84 :< 78 89 :5 5< <9 47 :: 0
815 Zhoiduh Dqdo|vlv= Zloo HPX Gr Ehwwhu wkdq wkh HPVB
Lq wklv vhfwlrq zh frpsduh wkh HPX0uhjlphv zlwk wkh HPV iurp d zhoiduh srlqw ri ylhz1 Zh
rewdlq wklv zhoiduh dqdo|vlv e| frpsdulqj wkh orvvhv jhqhudwhg lq wkhvh gl￿huhqw prqhwdu|
uhjlphv1 Vlqfh wkhvh orvvhv phdvxuh wkh ghjuhh wr zklfk prqhwdu| srolflhv duh fdsdeoh ri
vwdelol}lqj wkh wdujhw yduldeohv +rxwsxw/ lq dwlrq dqg lqwhuhvw udwh, wkh| fdq dovr eh lqwhusuhwhg
dv phdvxulqj wkh h￿hfwlyhqhvv ri prqhwdu| srolflhv1 Lq ￿jxuhv 8 wr 9 zh sorw wkh orvvhv zklfk
rffxu xqghu hdfk ri wkhvh srvvleoh uhjlphv1 Wkurxjkrxw wdeohv 7 wr : zh wudqvodwh wkhvh
￿jxuhv lqwr uhodwlyh orvvhv1
Lqvhuw wdeohv dqg ￿jxuhv +49,
D ￿uvw frqfoxvlrq wkdw fdq eh gudzq iurp wkhvh wdeohv lv wkdw lq prvw ri wkh suhihuhqfh
frqvwhoodwlrqv/ wkh HFE uxoh fohduo| grplqdwhv wkh HPV0uxoh1 Zh revhuyh wkdw doo frxqwulhv/
h{fhsw Jhupdq|/ suhihu wkh HFE duudqjhphqw ryhu wkh HPV duudqjhphqw1 Rqo| zkhq wkh
suhihuhqfh iru rxwsxw vwdelolvdwlrq lv yhu| orz wkhuh duh wzr vpdoo frxqwulhv +Dxvwuld dqg Eho0
jlxp, suhihuulqj wkh HPV0uxoh ryhu wkh HFE0uxoh1 Lq wklv vhqvh wkh qdlyh dqvzhu surylghg lq
wkh lqwurgxfwlrq wr wklv sdshu lv ydolg1 Qrwh krzhyhu wkdw wkh HFE uxoh dvvxphv wkdw rqo| wkh
qdwlrqdo jryhuqruv wdnh d qdwlrqdolvwlf shuvshfwlyh zkloh wkh vl{ HFE Erdug phpehuv/ zklfk
duh doprvw dozd|v wkh phgldq yrwhu/ wdnh dq HPX0zlgh shuvshfwlyh1 Wkh hfrqrplf frqglwlrqv
ri doo frxqwulhv duh wkhuhiruh wdnhq lqwr dffrxqw dffruglqj wr ￿{hg dqg wlph lqyduldqw zhljkwv1
Vrph sduwldo uh hfwlrq ri wkh frxqwu|0vshfl￿f ghvluhv lq wkh srolf| ri wkh Jryhuqlqj Frxqflo
lv wkhuhe| jxdudqwhhg1
Wkh dvvxpswlrq ri doo vl{ HFE0Erdug phpehuv wdnlqj dq HPX0zlgh shuvshfwlyh lv qrw
lqqrfxrxv1 Lw edvlfdoo| ghwhuplqhv wkh vxshulrulw| ri wkh HFE0uxoh ryhu wkh HPV uxoh1 Zkhq
doo wkh phpehuv ri wkh Jryhuqlqj Frxqflo wdnh d qdwlrqdolvwlf ylhz/ wkh phgldq yrwhu*v ghvluhg
lqwhuhvw udwh lv qr orqjhu vrph dyhudjh ri frxqwu| vshfl￿f ghvluhv exw wkh ghvluhg lqwhuhvw udwh
ri vrph +gl￿huhqw dfurvv wlph, frxqwu|1 Zkhq prqhwdu| srolf| zrxog eh frqgxfwhg xqghu
45wklv vfhqdulr/ wkh HPV w|sh ri duudqjhphqw vwduwv wr grplqdwh iru vhyhudo frxqwulhv1 H{fhsw
iru dq h{wuhpho| kljk zhljkw rq rxwsxw yduldelolw| wkh HPV zrxog eh fohduo| suhihuuhg e|
Jhupdq| Iudqfh Vsdlq dqg vrph rwkhu vpdoohu fruh frxqwulhv vxfk dv wkh Qhwkhuodqgv1 Wklv
revhuydwlrq lv idluo| urexvw dfurvv suhihuhqfh frq￿jxudwlrqv1 Dssduhqwo|/ ghflvlrq surfhgxuhv
vhhp wr pdwwhu d juhdw ghdo iru wkh vxffhvv ri wkh HPX1
Wdeoh 7= Uhodwlyh Orvvhv lq shufhqwdjh +Lqwhuphgldwh Rxwsxw Vwdelolvdwlrq,
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
HPV2HFE 447 446 446 453 ;5 43; 45: 454 43; 447 43:
HPV2QDW 438 466 437 <5 98 <6 439 44: :: 463 ;7
HFE2QDW <5 44: <6 :: :< ;9 ;7 <: :5 447 :;
Suhihuhqfh vshfl￿fdwlrqv duh b ’￿ c￿’f ￿D￿
Wdeoh 8= Uhodwlyh Orvvhv lq shufhqwdjh +Orz Rxwsxw Vwdelolvdwlrq,
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
HPV2HFE <3 ;9 437 449 :: 433 484 446 439 447 439
HPV2QDW :; 454 <8 ;3 99 :: 475 43: 96 4:3 :5
HFE2QDW ;9 473 <4 9< ;8 :: <7 <7 8< 47< 9;
Suhihuhqfh vshfl￿fdwlrqv duh b ’f ￿2c￿’f ￿D￿
Wdeoh 9= Uhodwlyh Orvvhv lq shufhqwdjh +Kljk Rxwsxw Vwdelolvdwlrq,
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
HPV2HFE 474 576 445 463 ;6 43; 44< 46: 43; 446 447
HPV2QDW 48< 594 439 43< 98 << 439 468 <3 45; <9
HFE2QDW 446 43: <8 ;7 :; <4 ;< <; ;6 447 ;9
Suhihuhqfh vshfl￿fdwlrqv duh b ’D c￿’f ￿D￿
9 Frqfoxvlrqv
Lq wklv sdshu zh dqdo|}hg dowhuqdwlyh zd|v wr frruglqdwh prqhwdu| srolf| lq Hxursh1 Zh
frpsduhg wkh suhvhqw HPX0uhjlph zlwk wkh HPV0uhjlph lq zklfk rqh frxqwu|/ Jhupdq|
glfwdwhg wkh prqhwdu| srolflhv iru wkh rwkhu HPV0frxqwulhv1 Lq rughu wr gr vr zh frqvwuxfwhg
vlpsoh prghov ri wkh hohyhq frxqwulhv lq HPX dqg ghulyhg wkh rswlpdoo| ghvluhg prqhwdu|
srolflhv1 Zh wrrn lqwr dffrxqw dv|pphwulhv lq vkrfnv/ lq wkh wudqvplvvlrq ri vkrfnv dqg lq
suhihuhqfhv1
Rxu pdlq uhvxowv fdq eh vxppdul}hg dv iroorzv1 Iluvw/ h{fhsw iur Jhupdq|/ doo HPX0
frxqwulhv sur￿w iurp wkh hqwu| lqwr Hxurodqg lq wkh vhqvh wkdw wkh| frph forvhu wr wkhlu
46Wdeoh := Uhodwlyh Orvvhv lq shufhqwdjh +Orz Lqwhuhvw Udwh Vprrwklqj,
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
HPV2HFE 446 459 43< 455 ;6 43; 458 464 43; 447 43;
HPV2QDW 43< 474 436 <8 97 <7 438 459 ;4 465 ;;
HFE2QDW <9 445 <7 :; :; ;; ;7 <: :8 449 ;4
Suhihuhqfh vshfl￿fdwlrqv duh b ’￿ c￿’f ￿2D￿
rswlpdoo| ghvluhg prqhwdu| srolflhv +lqwhuhvw udwhv, wkdq xqghu wkh suhfhglqj HPV0uhjlph1
Wklv zhoiduh jdlq lqfuhdvhv zlwk wkh ghvluh ri wkh HPX0frxqwulhv wr vwdelol}h rxwsxw1
Vhfrqg/ wkh zhoiduh jdlq ri HPX rqo| krogv li wkh HFE0Erdug wdnhv d hxur0zlgh shuvshf0
wlyh/ l1h1 li wkh HFE0Erdug wdujhwv d hxur0zlgh dyhudjh ri lq dwlrq dqg rxwsxw1 Li doo wkh
phpehuv ri wkh Jryhuqlqj Frxqflo +lqfoxglqj wkh HFE0Erdug, zhuh wr wdnh d qdwlrqdolvwlf
shuvshfwlyh +d txlwh xquhdolvwlf dvvxpswlrq, vrph frxqwulhv pd| dfwxdoo| suhihu wkh suhylrxv
HPV0uhjlph udwkhu wkdq wkh suhvhqw HPX1
Wklug/ odujh frxqwulhv kdyh wkh juhdwhvw lpsdfw rq wkh prqhwdu| srolf| ri wkh HVFE
+zklfk lv qrw uhdoo| vxusulvlqj,1 Krzhyhu/ vpdoohu frxqwulhv +h1j1 wkh Qhwkhuodqgv, wxuq rxw
wr kdyh d vxusulvlqjo| odujh lq xhqfh lq wkdw rq dyhudjh wkh| frph yhu| forvh wr wkh dfwxdoo|
lpsohphqwhg srolflhv1 Wkh uhdvrq lv wkdw wkhvh frxqwulhv dwwdfk d juhdw lpsruwdqfh wr ￿qdqfldo
vwdelolw| +lqwhuhvw udwh vprrwklqj, dqg fruuhvsrqglqjo| ohvv wr rxwsxw vwdelolvdwlrq1
Lw jrhv zlwkrxw vd|lqj wkdw rxu dqdo|vlv pxvw eh lqwhusuhwhg zlwk vrph fdxwlrq1 Zh kdyh
pdgh vrph dvvxpswlrqv zklfk pd| eh txhvwlrqhg1 D ￿uvw rqh uhodwhv wr wkh dvvxpswlrq
wkdw wkh hfrqrplf vwuxfwxuhv lq hdfk ri wkh frxqwulhv lv qrw ixqgdphqwdoo| d￿hfwhg e| wkh
lqwurgxfwlrq ri HPX1 Wklv dvvxpswlrq h{srvhv xv wr wkh Oxfdv fulwltxh1 Wkhuh lv qr vlpsoh
zd| wr flufxpyhqw wklv fulwltxh1 Rqo| wlph zloo whoo xv krz lpsruwdqw lw lv1 Vhfrqg/ zh
dvvxphg pdmrulw| yrwlqj dqg dssolhg wkh phgldq yrwhu wkhruhp1 Wkxv/ zh frpsohwho| qhjohfw
vwudwhjlf lqwhudfwlrqv wkdw pd| dulvh ryhu wlph1 Zh sodq wr dqdo|}h wkh vfrsh iru vwudwhjlf
lqwhudfwlrq lq wkh qhdu ixwxuh1
Uhihuhqfhv
^4‘ Edoodeuljd/ I1/ Vhedvwldq/ P1/ dqg Ydoo￿v/ M1/ +4<<<,/ Hxurshdq Dv|pphwulhv/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 7;/ ss1 56605861
^5‘ Ed|rxpl/ W1/ dqg Sudvdg/ H1/ +4<<8,/ Fxuuhqf| Xqlrqv/ Hfrqrplf Ioxfwxdwlrqv dqg
Dgmxvwphqw= Vrph Hpslulfdo Hylghqfh/ FHSU Glvfxvvlrq Sdshu/ qr144:5/ Pd|1
^6‘ Fodulgd/ U1/ Jdol/ M1/ dqg Jhuwohu/ P1/ +4<<:,/ Prqhwdu| Srolf| Uxohv lq Sudfwlfh= Vrph
Lqwhuqdwlrqdo Hylghqfh/ FHSU Glvfxvvlrq Sdshu/ qr1 4:831
47^7‘ Gh Judxzh/ S1 +4<<:,/ Hfrqrplfv ri Prqhwdu| Lqwhjudwlrq/ R{irug Xqlyhuvlw| Suhvv/ 6ug
hglwlrq/ Qhz \run/ 55;s1
^8‘ Gh Judxzh/ S1/ Ghzdfkwhu/ K1/ dqg Dnvr|/ \1/ +4<<;,/ Wkh Hxurshdq Fhqwudo Edqn=
Ghflvlrq Uxohv dqg Pdfurhfrqrplf Shuirupdqfh/ FHSU Glvfxvvlrq Sdshu/ qr1 539:1
^9‘ Gruqexvfk/ U1/ Idyhur/ F1/ dqg Jldyd}}l/ I1/ +4<<;,/ Lpphgldwh Fkdoohqjhv iru wkh Hx0
urshdq Fhqwudo Edqn/ Hfrqrplf Srolf|/Y r o 159/ ss1 48085/ Dsulo1
^:‘ Ixkuhu/ M1F1/ +4<<:, Wkh +Xq,Lpsruwdqfh ri Iruzdug0Orrnlqj Ehkdylru ri Sulfh Vshfl￿0
fdwlrqv/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ Yro1 5</ Qr1 6/ ss1 66;06831
^;‘ Jlrydqqhwwl/ J1/ dqg Pdulprq/ U1/ +4<<;,/ Dq HPX zlwk Gl￿huhqw Wudqvplvvlrq Phfk0
dqlvpv/ FHSU Glvfxvvlrq Sdshu/ qr1 5349/ Qryhpehu1
^<‘ Nlhohu/ P1/ dqg Vdduhqkhlpr/ W1/ +4<<;,/ Gl￿huhqfhv lq Prqhwdu| Srolf| WudqvplvvlrqB
D Fdvh qrw Forvhg/ Hfrqrplf Sdshuv/ Qr1465/ Hxurshdq Frpplvvlrq1
^43‘ Nlp/ V1/ +4<<<,/ Gr Prqhwdu| Srolf| Vkrfnv Pdwwhu lq wkh J0: FrxqwulhvB Xvlqj Frp0
prq Lghqwli|lqj Dvvxpswlrqv derxw Prqhwdu| Srolf| dfurvv Frxqwulhv/ Mrxuqdo ri Lqwhu0
qdwlrqdo Hfrqrplfv/ Yro1 7;/ ss1 6;:07451
^44‘ Nzdun/ Q1V1/ +4<<<,/ Vrxufhv ri Lqwhuqdwlrqdo Exvlqhvv Ioxfwxdwlrqv= Frxqwu|0Vshfl￿f
Vkrfnv ru Zruogzlgh VkrfnvB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro1 7;/ ss1 69:06;81
^45‘ Shhuvpdq J1/ dqg Vphwv/ I1/ +4<<;,/ Wkh Wd|oru Uxoh= D Xvhixo Prqhwdu| Srolf| Jxlgh
iru wkh HFE/ plphr1/ Xqlyhuvlw| ri Jhqw1
^46‘ Udpdvzdp|/ U1/ dqg Vorhn/ W1/ +4<<;,/ Wkh Uhdo H￿hfwv ri Prqhwdu| Srolf| lq wkh
Hxurshdq Xqlrq= Zkdw Duh wkh Gl￿huhqfhvB/ LPI Vwd￿ Sdshuv/ iruwkfrplqj1
^47‘ Uxghexvfk/ J1G1/ dqg Vyhqvvrq/ O1H1R1/ +4<<;,/ Srolf| Uxohv iru Lq dwlrq Wdujhwlqj/
Sdshu suhsduhg iru QEHU Frqihuhqfh rq Prqhwdu| Srolf| Uxohv1
^48‘ Wd|oru/ M1/ +4<<6,/ Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/ Fduqhjlh Urfkhvwhu Frq0
ihuhqfh rq Sxeolf Srolf|/ Yro1 6</ ss1 4<805471
^49‘ Yrq Kdjhq/ M1/ +4<<;,/ Wkh Frpsrvlwlrq ri Edqn Frxqflov iru Prqhwdu| Xqlrqv/ plphr1/
]HL/ Xqlyhuvlw| ri Erqq1
: Dsshqgl{
48Wdeoh ;= Odj Ohqjwkv ri Dxwruhjuhvvlyh Uhsuhvhqwdwlrq iru Hdfk Frxqwu|
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
DV Htxdwlrq 45- 46- 53- 64- 47- 5<- 64- 44 48- 44 48-
DG Htxdwlrq 44 58- 53 44- 45- 44- 48 58- 49 46- 49
W ghqrwhv wkdw wkh ehvw odj vwuxfwxuh dssolhg dv vxjjhvwhg e| DLF1
Wdeoh <= Pd{lpxp dqg Plqlpxp Hljhqydoxhv ri Pdwulfhv D dqg P
Dxv Eho Ilq Iud Jhu Luh Lwd Ox{ Qhw Sru Vsd
Pd{D 1<: 1<: 1<; 1<; 1<: 1<9 1<<< 1<8 1<9 1<; 1<<
PlqD 01;7 01<6 01<6 01<4 01:< 01<8 01<8 01<7 01<8 01<: 01;;
orz rxwsxw vwdelol}dwlrq
Pd{ P 1<9 1<; 1<7 1<7 1<7 1<9 1<4 1<8 1<<< 1<7 1<;
Plq P 01;7 01<6 01<7 01<4 01:< 01<8 01<8 01<7 01<8 01<: 01;;
lqwhuphgldwh rxwsxw vwdelol}dwlrq
Pd{P 1<9 1<; 1<: 1<9 1<8 1<9 1<8 1<8 1<<: 1<: 1<<
PlqP 01;7 01<6 01<6 01<4 01:< 01<8 01<8 01<7 01<8 01<: 01;;
kljk rxwsxw vwdelol}dwlrq
Pd{ P 1<9 1<; 1<: 1<: 1<8 1<9 1<; 1<: 1<< 1<< 1<<
Plq P 01;7 01<6 01<7 01<4 01:< 01<8 01<8 01<7 01<8 01<: 01;;
49FIGURE 1: OUTPUT AND INFLATION REACTIONS W.R.T. 1% INCREASE IN THE INTEREST RATE
(LAGS OF INFLATION AND OUTPUT ARE GIVEN BETWEEN BRACKETS)












































































0,000200FIGURE 2: OPTIMAL FEEDBACK RULE COEFFICIENTS FOR INFLATION
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123456789 1 0 1 1 1 2 1 3 1 4 1 5
SpainFIGURE 3: OPTIMAL FEEDBACK RULE COEFFICIENTS FOR OUTPUT
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
SpainFIGURE 4: OPTIMAL FEEDBACK RULE COEFFICIENTS FOR INTEREST RATE SMOOTHING
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